We evaluated nasopharyngeal colonization with erythromycin-resistant Streptococcus pneumoniae during the first 2 years of life in central and southern Greece. Of 2448 children studied from February 1997 to February 1999, 766 (31%) carried 781 pneumococcal isolates. Ninetyfive (3.9%) of the children attended day care centers. Eighteen percent of the pneumococci were resistant to erythromycin (minimal inhibitory concentration 1 to 1128 mg/mL), with 67.9% of them carrying the erm(B) gene and 29.2% mef(A) gene products. Four strains possessed neither the erm(B) nor the mef(A) gene. Multidrug resistance occurred in 97% and 40% of isolates carrying the erm(B) and mef(A) gene, respectively. An association was found between the erm(B) gene and serotypes 6B and 23F and between the mef(A) gene and serotypes 14 and 19F. A significant relationship existed between carriage of erythromycin-resistant pneumococci and use of macrolides or b-lactams in the previous 3 months; the association was strongest when macrolide therapy was administered during the last month (odds ratio, 5.92;
sistant phenotype. In this case, an adenine residue in 23S rRNA is methylated, preventing the binding of 3 classes of structurally unrelated antibiotics, 14-, 15-, and 16-membered macrolides, lincosamides, and streptogramin B. Synthesis of erm can be inducible or constitutive, depending on the strain, the inducer, and the sequence of the 5 end of the resident erm determinant.
The nasopharynx is the main reservoir of antibiotic-resistant pneumococci in children, and carriage usually precedes infection [1] . Surveillance of antibiotic resistance in nasopharyngeal isolates from children is considered to be a practical and useful way to estimate the prevalence of resistant strains in a community [15, 16] . Recent studies have evaluated factors promoting the carriage and interindividual transmission of antibiotic-resistant pneumococci [2, 3, [17] [18] [19] [20] [21] [22] [23] [24] , aimed toward the development of measures to control the problem of resistance to antibiotics [25] . However, the majority of the studies have been focused on factors associated with the carriage of penicillin-resistant S. pneumoniae [2, 17, 18, [20] [21] [22] [23] [24] . There is very little information in the literature regarding factors associated with carriage of erythromycin-resistant pneumococci, especially in children !2 years old who were not attending day care centers [3, 19] .
The present investigation was undertaken in central and southern Greece to study the prevalence of nasopharyngeal carriage of erythromycin-resistant S. pneumoniae during the first 2 years of life; the mechanisms of resistance to erythromycin; and the factors promoting the colonization with such resistant strains.
Materials and Methods
Study population. From 10 February 1997 to 10 February 1999, nasopharyngeal cultures for S. pneumoniae were performed on 2448 infants and toddlers. Children 2-23 months old (median age, 11 months) were enrolled from the outpatient clinics of 4 hospitals, as well as from the private offices of 14 practicing pediatricians in different areas of central and southern Greece. Nasopharyngeal cultures were performed for all the children who came to the outpatient department of the University Hospital of Patras. Samples were obtained randomly from 3 smaller provincial hospitals and 14 private pediatricians who participated in the study. One culture was performed for each child who participated in the study.
Parents responded to an interviewer-administered questionnaire indicating demographic characteristics, day care attendance, and the number and type of antimicrobial therapy courses administered during the previous 3 months. In addition to the parentally recalled information, the interviewing pediatrician collected all available information about each child's medical history, including prescriptions recorded in the child's health booklet (such a booklet is kept for all children in Greece). When a child was enrolled by his or her private pediatrician, the information was validated with the child's own records. Urban areas were classified as cities and towns with a population of у15,000 inhabitants.
Laboratory procedures. Specimens of nasopharyngeal secretions were obtained pernasally with sterile swabs on flexible shafts with calcium alginate fiber tips (Fisher Scientific, Pittsburgh, PA). Swabs were placed in Amies transport medium (TGV, Sanofi Diagnostic Pasteur, Marnes La Coquette, France) on collection and sent to the Laboratory of the Division of Pediatric Infectious Disease of the University of Patras, where isolation, identification, and susceptibility testing of the S. pneumoniae strains were performed. The maximum delay between collection and cultivation was 72 h. The swabs were plated onto Columbia agar plates supplemented with 5% defibrinated horse blood, 10 mg of colistin sulfate, and 15 mg of nalidixic acid per milliliter. The plates were incubated at 35ЊC in an atmosphere supplemented with 5% CO 2 for 24-72 h. Up to 5 a-hemolytic colonies from each specimen were subcultured, and isolates were confirmed as S. pneumoniae by inhibition by optochin and bile solubility [26] .
Susceptibility testing was performed on Mueller-Hinton agar supplemented with 5% defibrinated horse blood, as follows. Strains were screened for penicillin resistance with 1-mg oxacillin disks. If oxacillin inhibition zones were !20 mm, minimal inhibitory concentrations (MICs) to penicillin were determined by the E test (AB Biodisk, Solna, Sweden) [27, 28] . MICs to erythromycin were also determined by the E test method. MICs were interpreted according to the criteria of the National Committee for Clinical Laboratory Standards [29] as follows: penicillin G, MIC р0.06 mg/mL, susceptible; MIC 0.1-1 mg/mL, intermediately resistant; and MIC у2 mg/mL, resistant; erythromycin, MIC р0.25 mg/mL, susceptible; MIC 0.5 mg/mL, intermediately resistant; and MIC у1 mg/mL, resistant. Susceptibility to clindamycin, chloramphenicol, tetracycline, and trimethoprim-sulfamethoxazole (TMP-SMZ) was determined by the disk diffusion method [29, 30] . For susceptibility testing, plates with the antibiotic disks and E tests strips were incubated in CO 2 . Multidrug resistance was defined as resistance to у3 classes of antimicrobial agents.
Erythromycin-resistant strains were studied for erm(B) and mef(A) gene products by PCR, as described elsewhere [31] . Strains were checked for the presence of inducible erm by the double disk diffusion test with erythromycin and clindamycin disks (BBL, Cockeysville, MD). Specifically, 15 mg erythromycin and 2 mg clindamycin disks were placed 16 mm apart. Induction was considered to be present when the zone of inhibition around the clindamycin disk was blunted on the side next to the erythromycin disk.
Erythromycin-resistant strains were serotyped at the Centre National de Référence du Pneumocoque, Créteil, France by latex agglutination by use of specific antisera prepared by the investigators of the Centre. Strains isolated after 31 May 1998 (the last 34 strains) were serotyped in Patras by the capsular swelling method by use of commercially available antisera (Statens Serum Institut, Copenhagen, Denmark).
Statistical analysis. Factors associated with the carriage of erythromycin-resistant S. pneumoniae were assessed by univariate analysis as a dichotomous variable (susceptible vs. nonsusceptible). The statistical significance of the differences found between proportions was assessed by the x 2 test with Yates' correction or the Fisher's exact test, as well as by means of OR. Student's t test was applied for the analysis of a continuous variable (antibiotic courses administered to the carriers). A 2-tailed P value of р.05 was considered significant.
Results
Of the 2448 children studied, 95 (3.9%) attended day care centers. A total of 766 children (31%) were found to carry S. pneumoniae. A single pneumococcal strain was isolated from each carrier, with the exception of 15 children from whom 2 different strains were isolated. Resistance to erythromycin was found in 137 (18%) of a total of 781 S. pneumoniae isolates (MICs 1 to 1128 mg/mL, MIC 50 1128 mg/mL). These 137 erythromycin-resistant pneumococci were isolated from 136 children; 1 child was colonized with 2 different erythromycin-resistant pneumococcal strains.
Nasopharyngeal colonization with erythromycin-resistant pneumococci was found in 29 (16%) of 178 children living in central Greece (Thessalia and Sterea Hellas) and in 107 (18%) of the 588 children living in southern Greece (Peloponnisos) (OR, 0.82;
). The median age of children with erythro-P p .447 mycin-resistant and erythromycin-susceptible S. pneumoniae strains was 12 months. Erythromycin-resistant strains were found in 15 (26%) of 58 children attending day care centers and in 121 (17%) of 708 children who did not attend day care centers (OR, 1.69;
). Alternatively, 15 (11%) of 136 P p .133 children colonized with erythromycin-resistant strains attended day care centers, compared with 43 (7%) of 630 children with erythromycin-susceptible strains (OR, 1.69;
). Chil-P p .133 dren attending day care centers attended 29 different centers. Each of the 15 children who were colonized with an erythromycin-resistant pneumococcal strain attended a different center. ). P ! .0001 Among the 93 erythromycin-resistant strains carrying the erm(B) gene, 22 (24%) were intermediately resistant to penicillin and 26 (28%) were penicillin resistant. MICs for penicillin of 22 strains with intermediate resistance to penicillin were 0.125-1 mg/mL (MIC 90 , 1 mg/mL), whereas those of 26 penicillin-resistant strains were 2-4 mg/mL (MIC 90 , 2 mg/mL). Among the 40 erythromycin-resistant strains carrying mef(A) gene, 10 (25%) were intermediately resistant to penicillin and 6 (15%) were penicillin resistant. The 10 strains with intermediate resistance to penicillin had MICs for penicillin of 0.125-1 mg/mL (MIC 90 , 1 mg/mL), whereas the MICs of the 6 penicillin-resistant strains were 2-4 mg/mL (MIC 90 , 4 mg/mL). Of the 93 erythromycin- (table 3) . A total of P p .0005 370 antibiotic courses were administered orally; of these, 38% were a penicillin, 42% were a cephalosporin, 16% were a macrolide, and 4% were TMP-SMZ. In 99% of the penicillin courses, an aminopenicillin was administered, whereas in 98% of the cephalosporin courses, a second-generation cephalosporin was used.
The macrolides administered were clarithromycin and erythromycin in 74% and 26% of the courses, respectively. A significant relationship existed between carriage of erythromycin-resistant S. pneumoniae and use of macrolides or blactams in the previous 3 months (table 4) . The strongest association was observed when macrolide therapy had been administered during the previous 1 month (OR, 5.92; P p ). Overall, the association between colonization with an .0001 erythromycin-resistant strain and b-lactam use was less strong than the association with macrolide use. There was a trend for a greater frequency of carriage of erythromycin-resistant S. pneumoniae after administration of penicillins rather than cephalosporins.
Discussion
The present study investigated the carriage of erythromycinresistant pneumococci over a 2-year period in children !2 years old living in different areas of central and southern Greece. Analysis of the 781 pneumococcal isolates revealed a high incidence (18%) of erythromycin-resistant isolates and 16 different resistance patterns. The prevalence of erythromycin resistance found in this study is similar to the 19% rate encountered in our previous investigation in carriers attending day care centers in the city of Patras, in southwestern Greece [32] .
It is known that children attending day care centers have high carriage rates of antibiotic-resistant pneumococci [19] . Although in the present study the carriage rate of erythromycinresistant strains was greater in children attending day care centers than that of children who did not attend day care centers, the difference did not reach a statistical significance. This is probably because the number of children attending day care centers was too small, constituting only 3.9% of the children studied. Also, it has to be emphasized that in the present study, because the enrolled children were sampled from large areas and were attending a variety of different day care centers, there was no clustering effect.
The rate of erythromycin-resistant pneumococci isolated from young Greek carriers is higher than that found in S. pneumoniae isolates from young carriers or children with otitis media reported in studies performed in Denmark (0%) [33] , Finland (3%) [34] , and Germany (9%) [35] . However, it is lower from that found in pneumococci isolated in similar epidemiologic studies from Spain (23%-36%) [36, 37] , Italy (42%-60%) [38, 39] , and France (67%) [8] .
In this study, erm(B) was present in 67.9% of the erythromycin-resistant pneumococci and mef(A) in 29.2% of the isolates. The efflux mechanism is the predominant form of erythromycin resistance in strains in the United States, Canada, and Japan [40] [41] [42] , whereas in Europe (Italy, France, and Belgium), the majority of erythromycin-resistant strains carry an erm(B) methylase [43] [44] [45] [46] . It is known that erythromycin-resistant Table 4 .
Colonization with erythromycin-resistant (Em-R) and erythromycin-susceptible (Em-S) pneumococci among children treated with у1 courses of only a class or a major subclass of antimicrobial agents during the preceding 1, 2, or 3 months. strains carrying erm(B) and mef(A) gene products are also resistant to azithromycin, clarithromycin, and roxithromycin [47] . Eighty-three percent of all erythromycin-resistant S. pneumoniae isolates belonged to serotypes 6B, 14, 19F, and 23F, which are covered by the licensed heptavalent conjugate pneumococcal vaccine [48] [49] [50] . A significant association was found between the presence of erm(B) and serotypes 6B and 23F on the one hand and mef(A) and serotypes 14 and 19F on the other.
The present study showed that previous exposure to oral antimicrobial agents was the only factor strongly associated with carriage of erythromycin-resistant S. pneumoniae. When we included in the analysis children who had received у1 courses of only a specific class or a major subclass of antimicrobial agents within the previous 3 months, we found a significant relationship between carriage of erythromycin-resistant S. pneumoniae and use of macrolides or b-lactams. The strongest association was observed when exposure to macrolide therapy had taken place during the preceding 1 month. The macrolides administered were clarithromycin in 74% of the courses and erythromycin in 26%. None of the children had received azithromycin, because azithromycin in a pediatric formulation is not available in Greece. Overall, the association between carriage of an erythromycin-resistant strain and blactam use was less strong than the association observed when a macrolide was used.
There was a trend for colonization with erythromycin-resistant S. pneumoniae more frequently after use of penicillins than after exposure to cephalosporins. However, the difference in the carriage rate of such strains between the children who received penicillins and those treated with cephalosporins did not reach a statistical significance. Additional studies might be able to further clarify this issue.
Although several recent studies evaluated factors promoting the carriage and spread of antibiotic-resistant pneumococci [2, 3, [17] [18] [19] [20] [21] [22] [23] [24] , to our knowledge, there are only 2 reports providing information on erythromycin-resistant pneumococci [3, 19] . Moreover, this information is derived from a small number of children !2 years old, most of whom were attending day care centers [3, 19] . In a study performed in a rural Kentucky community, 3 factors were identified that were strongly associated with carriage of erythromycin-resistant S. pneumoniae: day care center attendance, current acute otitis media, and increased antimicrobial drug use during the last 6 months [19] . No significant correlation of the resistance with the use of a specific class or a subclass of antimicrobial agents was observed. Moreover, the great majority of the 240 children studied were 12 years old, whereas 184 of them were attending day care centers. In a recent study, age !24 months and use of antibiotics in the month before the study were associated with carriage of erythromycin-resistant S. pneumoniae [3] . In this study, only children attending day care centers were investigated, the antibiotic use was evaluated only for the month preceding the performance of the culture, and there was no report of any significant correlation between colonization with erythromycin-resistant pneumococci and use of a specific class or a major subclass of oral antimicrobial agents. The high prevalence of erythromycin-resistant pneumococci and the divergent resistance patterns found in young Greek carriers emphasize the need for a continuous surveillance of S. pneumoniae to document the evolution and spread of resistant strains and to guide patient therapy. The present study indicates the necessity of a judicious use of both macrolides and b-lactams in young children infected with S. pneumoniae in order to reduce their colonization with erythromycin-resistant pneumococci and the subsequent spread of such strains to the community.
